Abstract: Stony soils are composed of fractions (rock fragments and fine soil) with different hydrophysical characteristics. Although they are abundant in many catchments, their properties are still not well understood. This article presents basic characteristics (texture, stoniness, saturated hydraulic conductivity, and soil water retention) of stony soils from a mountain catchment located in the highest part of the Carpathian Mountains and summarizes results of water flow modeling through a hypothetical stony soil profile. Numerical simulations indicate the highest vertical outflow from the bottom of the profile in soils without rock fragments under ponding infiltration condition. Simulation of a more realistic case in a mountain catchment, i.e. infiltration of intensive rainfall, shows that when rainfall intensity is lower than the saturated hydraulic conductivity of the stony soil, the highest outflow is predicted in a soil with the highest stoniness and high initial water content of soil matrix. Relatively low available retention capacity in a stony soil profile and consequently higher unsaturated hydraulic conductivity leads to faster movement of the infiltration front during rainfall.
INTRODUCTION
Soils containing a significant fraction of rock fragments (stones), generally denoted as stony soils, are located mainly in forested and mountainous areas. According to Poesen and Lavee (1994) there are about 30% of such soils in Western Europe; in the Mediterranean region stony soils cover around 60% of the territory. Šály (1978) reports that major portion of the Slovak forest soils (up to 80%) contains stones and the stone content increases with depth. Even about 47% of Slovak agricultural soils are referred to as stony soils (Hraško and Bedrna, 1988) . Shape, size, degree of weathering, and geological origin of the rock fragments can influence the soil hydrophysical properties, mainly the retention capacity and hydraulic conductivity.
Rock fragments in the soils reduce the effective crosssectional area through which water flows. Furthermore, an increase in stoniness results in higher curvature of soil water paths. Both phenomena consequently lead to a lower hydraulic conductivity of the stony soil (Bouwer and Rice, 1984; Childs and Flint, 1990; Ma et al., 2010; Novák et al., 2011; Ravina and Magier, 1984) . On the other hand, the shrinking-swelling phenomenon can create temporal lacunar pores (voids along soil/stone interface), which may cause preferential flow, and thus an increase in the saturated hydraulic conductivity (Sauer and Logsdon, 2002; Shi et al., 2008; Verbist et al., 2009; Zhou et al., 2009 ). It could be hypothesized that the degree of preferential flow in such soils is proportionally related to the stone content and its spatial distribution (Fiés et al., 2002; Verbist et al., 2009) .
The presence of rock fragments poses problems for measuring the bulk soil hydraulic properties and the water content or water potential as well as for the monitoring of the soil water regime because of practical issues such an inserting probes into stony soils (e.g., TDR probes and tensiometers) or installing lysimeters (Cousin et al., 2003; Ma et al., 2010) . Moreover, consistent water flow modeling methodology which takes into account rock fragments and their characteristics is still absent (Ma and Shao, 2008) .
Rock fragments are relatively large in comparison to fine soil particles, i.e. the particles with diameter below 2 mm. Therefore, it is necessary to evaluate the bulk soil characteristics of a "representative elementary volume" (REV). The REV needed for determination of the bulk hydrophysical soil characteristics of a stony soil depends mostly on the size of the rock fragments. Buchter et al. (1994) recommend that the dry mass of a stony soil sample should be at least 100 times the mass of the largest particle. However, there is not a strict rule on how to evaluate the REV of a stony soil in terms of measuring its hydraulic characteristics.
Since it is technically difficult to perform hydraulic measurements on large samples having different stoniness, Novák et al. (2011) used numerical experiments based on the classical Darcian flow approach to calculate the saturated hydraulic conductivity of stony soil. This was done by embedding stones of different size into a fine soil medium with known hydraulic conductivity and soil water retention, and then calculating the saturated hydraulic conductivity of the bulk sample with stones. They used HYDRUS-2D (Šimůnek and Šejna, 2007) for the calculations. Impermeable stones of a spherical shape (approximated as circles in a 2D cross-sectional area) were equally distributed in the virtual soil sample with a volume of 1 m 3 . Steady-state water flow was simulated. The rate of water flow through the REV then equals to the bulk saturated hydraulic conductivity K s b . Novák et al. (2011) found that hydraulic conductivities obtained from numerical experiments are lower for the same stoniness (relative volume fraction of stones) than those from Ravina and Magier (1984) equation because of hydraulic losses due to bypassing of the stones.
Runoff formation remains one of the central themes of catchment and hillslope hydrology. Although the crucial role of soils in the hydrological response of a catchment has been acknowledged a long time ago (e.g., Hewlett and Hibbert, 1967) , functioning of stony soils is still not much studied. In fact, we did not find any study which would be specifically devoted to hydrological behavior of stony soils in catchment conditions. Stony soils are often abundant in headwater areas which are crucial for catchment runoff formation. It is therefore important to collect more field data and try to understand the behavior of stony soils during rainfall and their possible influence on the runoff formation.
The objectives of this study were: -to present characteristics of stony soils from a mountain catchment representing the highest part of the Carpathian Mountains, and -to quantify and explain the influence of rock fragments and initial soil water content in soil profiles with different stoniness on infiltration and bottom boundary outflow under ponding and rain infiltration when rainfall intensity is lower than the saturated hydraulic conductivity of the stony soil (infiltration capacity).
MATERIALS AND METHODS Study sites
Characteristics of stony soils were measured in the Jalovecký creek catchment, the Western Tatra Mountains, Slovakia. Natural conditions in the catchment are typical for the highest part of the Carpathians. The bedrock is mostly formed by crystalline rocks and granitoides. Mesozoic rocks dominated by limestone and dolomite occur at some places. Soils are represented by Cambisols, Podzols, and Lithosols. Rendzinas occur on Mesozoic rocks. The rock fragments content of the soils is high, the stoniness is 40-50% (e.g., Holko et al., 2011) . The topsoil of the soils has high hydraulic conductivity. Mean value measured by tension infiltrometer at water potential h = -2 cm (Dóša et al., 2012) reaches 13 cm h -1 (range 2−34 cm h -1 ). Four sites were chosen to study the stony soils ( Fig.1 ): Site 1: Pod Lyscom, forest, 1040 m a.s.l., Cambisol, slope angle 40%.
Site 2: Červenec-meadow, 1500 m a.s.l., Rendzic Leptosols, slope angle 10%.
Site 3: Červenec-forest, 1420 m a.s.l., Cambisol, slope angle 30%.
Site 4: Bobrovecká Vápenica, grass, 700 m a.s.l., Fluvisol, at the toe of the mountainous part of the catchment. were taken for each characteristic soil layer from Sites 1, 2 and 3 for fine soil saturated hydraulic conductivity and water retention measurements.
Characteristics of stony soils
Soil particle density distribution was determined in the certified laboratory by standard aerometric method based on sedimentation known as the Casagrande method (Lovelland and Whalley, 2001 ) for particles <2 mm or by sieving (for particles >2 mm). The volume of stones and boulders was measured in the field. Undisturbed and disturbed soil samples (volume 100 cm 3 ) were used to determine saturated hydraulic conductivity of the fine soil in the laboratory by the variable hydraulic head method. Limited field measurements of saturated hydraulic conductivity were performed by means of single ring infiltrometer as well.
Maximum retention capacity of the rock fragments (size 2−10 cm) was determined by the gravimetric method. The samples were dried at 105°C, weighted and gradually saturated for up to 7 days until their weight stabilized. Retention curves of the undisturbed fine soil samples were measured in the sand tank (negative pressure up to -30 cm) and pressure chamber (Soil Moisture Equipment, Santa Barbara). Measured soil water retention curves were fitted by analytical van Genuchten model (1980) .
Influence of rock fragments and initial soil water content on outflow from the soil
Influence of rock fragments and initial soil water content on infiltration and bottom boundary outflow was studied by means of mathematical modeling using the stony soil and rainfall characteristics measured at the Červenec-meadow site. HYDRUS-1D model (Šimůnek et al., 2008) was used to simulate the water flow through the soil profile.
Hydraulic characteristics of the stony soil
Saturated hydraulic conductivities and retention curves are needed for quantitative description of the soil water movement in stony soils. We used hydrophysical properties of the fine soil fraction to derive the bulk stony soil characteristics of hypothetical stony soil profiles with different stoniness.
Only a few methods to calculate saturated hydraulic conductivity of a stony soil can be found in the literature (e.g., Bouwer and Rice, 1984; Brakensiek et al., 1986; Peck and Watson, 1979; Ravina and Magier, 1984) . In this study we used the equation by Ravina and Magier (1984) adjusted by Novák et al. (2011): ( )
where K s b is the bulk (signed "b") saturated hydraulic conductivity (cm h -1 ), K s f is the saturated hydraulic conductivity of a fine soil fraction (signed "f") (cm h -1 ), a is parameter that incorporates the hydraulic resistance of the rock fragments to water flow and depends on the shape and dimensions of rock fragments (−), R v stands for a relative volume fraction of stones (cm 3 cm -3 ) (stoniness). Parameter a was set to 1.1. Such a value was estimated by Novák et al. (2011) for sandy loam and spherical rock fragments of a 10 cm in diameter.
Water retention curve of a stony soil (bulk water retention curve) was represented by the retention curve of the fine soil fraction measured by the above mentioned standard procedures in the sand tank and the pressure chamber. The fine soil sampled at the depth of 53.5-57 cm at the Červenec-meadow site was used as typical for the whole soil profile to demonstrate the application of the proposed methodology.
Relationship between water content of the stony soil and water content of the fine soil fraction is estimated by Bouwer and Rice's equation (1984):
where θ b is the bulk volumetric water content of the stony soil (cm 3 cm -3 ), θ f is the volumetric water content of the fine soil fraction alone (cm 3 cm -3 ). Eq. (2) assumes that rock fragments have zero retention capacity. Since the retention capacities of rock fragments from all study sites were quite low (as will be seen from measurement results), they were neglected in the numerical modeling. Coppola et al. (2013) used the similar methodology to derive characteristics of stony soil for modeling.
Retention curves and hydraulic conductivities are expressed by the modified van Genuchten-Mualem model (Schaap and van Genuchten, 2005) with fixed minimum non-zero capillary height h s = -2 cm, recommended for soils with n<1.3 (Vogel et al., 2001; Schaap and van Genuchten, 2005 ) to avoid problems with numerical convergence.
Numerical modeling
HYDRUS-1D model (Šimůnek et al., 2008 ) was used to simulate infiltration into hypothetical homogeneous stony soil profiles with different stoniness and initial soil water contents, using the nonlinear Richards´ equation.
It was assumed that: -close connection exists between rock fragments and fine soil fraction. Thus, it is assumed that no macropores exist on the contact of the fine soil-rock fragments and the water flows through soil matrix only, -preferential flow is negligible, and -the rock fragments have negligible (zero) retention capacity. This is consistent with measurements in the Jalovecký creek catchment, where the maximum volumetric water content of rock fragments was very low.
Two different boundary conditions on the soil surface were used:
1. Dirichlet boundary condition with 2 cm water layer to model ponding infiltration.
2. Extreme precipitation event measured on May 17, 2006 at meteorological station Červenec (1500 m a.s.l.) multiplied by the factor of 4 was used to simulate the rainfall infiltration. This hypothetical event was used to demonstrate the ability of the soil to transform an extreme rainfall into soil water. Total daily precipitation of this extreme event was 166 mm which is comparable with the most extreme daily precipitation observed in the nearby High Tatra Mountains in the last fifty years (Bičárová and Holko, 2013) .
Homogeneous soil profiles with depth 95 cm and different stoniness (R v = 0; 0.1; 0.2; 0.3; 0.4; 0.5 cm 3 cm -3
) were used in simulations. Evapotranspiration from the soil surface was neglected because of short duration of the studied processes. Initial conditions were given by uniformly distributed soil water potentials: h = -300, -1 000, -5 000, -10 000 and -15 000 cm thus they represent different initial soil water contents. Bottom boundary condition was set as free drainage by which it is assumed that all water which percolates to the bottom of the soil profile contributes to the subsurface flow formation.
Uniform stoniness and uniformly distributed stones were assumed in the soil profile. The latter cannot be simulated by the 1D model but it was handled by using parameter a in Eq. 1 from Novák et al. (2011) derived for uniformly distributed stones.
The HYDRUS model was used to simulate cumulative infiltration, cumulative outflow and infiltration front movement. The 1D model with bulk characteristics of stony soil derived from Eq. (1) and Eq. (2) (as effective medium values) was used. The simulation performance in this case is faster and the simulated results (i.e. cumulative infiltration, cumulative outflow and movement of the infiltration front) are the same as if they were modeled by the 2D model with heterogeneous structure (i.e. rock fragments embedded in fine soil, uniformly distributed as assumed by Novák et al. (2011) ). The stony soil in the 2D model is characterized by the embedded rock fragments with zero retention and zero hydraulic conductivity. The fine soil parameters are given separately (retention and saturated hydraulic conductivity). In contrast to 1D approach, a 2D model is able to show the variation of water content and velocities around embedded rock fragments during simulation. These results cannot be obviously modeled using the 1D approach. Nevertheless, such a detailed distribution of the velocities or water content in the soil profile was not necessary in this study; we focused only on the flow across the boundaries (infiltration and outflow).
RESULTS

Characteristics of the stony soils
Genetic horizons, soil texture, size of the rock fragments, and stoniness for different layers at the four study sites are given in Table 1 and Fig. 2. Fig. 3 shows the stoniness at Site 3, measured in summer 2013.
Although the stoniness at the particular sites varies from several per cents to almost 65%, at most sites it is high. High heterogeneity of stoniness between sites can be seen in Fig. 2 and Fig. 3 . The highest stoniness was observed in the Cambisol which represents deluvial sediments formed on gneiss (crystalline rocks) in the Jalovecká dolina valley (Site 1) and in the Cambisol that occurs in the transition zone between the crystalline rocks (gneiss) and Mesozoic nappes at Site 3 (especially measured in 2013). The smallest stoniness was observed in Rendzina formed on the Mesozoic rocks (Site 2). Stoniness in the Fluvisol which occurs at the toe of the mountain part of the catchment (Site 4) is highly variable even within the soil profile. The high variability is the result of particular pedogenetic processes. Even the thin layer without rock fragments in the depth of 45-50 cm was found at the site. Rock fragments at Site 4 were rounded off with different size, shape, and origin (gneiss, granitoides, limestones). Because of difficulties with measurement of saturated hydraulic conductivity of fine soil fraction in the field, repeated laboratory measurements of saturated hydraulic conductivity for two disturbed samples collected from the same layer were performed. The saturated hydraulic conductivity of fine soil is high at all sites except for Site 2 (Table 2) . Results of field measurement of saturated hydraulic conductivity by the single ring infiltrometer are given in Table 3 . The upper organic horizons have high hydraulic conductivities (Table 2 -undisturbed samples, Table 3 -soil surface) due to properties of the topsoil (high porosity at Sites 1 and 3 in forest) and the presence of preferential pathways in root zone of the grass canopy (Sites 2, 4). Saturated hydraulic conductivity measured by single ring infiltrometer in depth 20 and 50 cm corresponds to the bulk saturated hydraulic conductivity (fine soil and rock fragments). Maximum water retention capacity of the rock fragments is low. Median of the volumetric water content values varies between 2 and 6% (Fig. 4) . Our results indicate that maximum retention capacity does not depend on the bedrock geology. Van Genuchten parameters of typical water retention curve of fine soil from Site 2 are given in Table 4 (R v = 0 cm 3 cm -3 ).
Influence of rock fragments and initial soil water content on outflow from the soil obtained by the numerical modeling
Parameters of the bulk retention curves for different stoniness (θ r and θ s values derived from Eq. 2) and corresponding bulk saturated hydraulic conductivities (derived from Eq. 1) used as input parameters in numerical modeling are presented in Table 4 and Fig. 5 . 
Infiltration and outflow under ponding condition
Cumulative infiltration and outflow from the bottom of the soil profile with the initial soil water content corresponding to the soil water potential h = -300 cm is shown in Fig. 6 . The wetting front in the soil without rock fragments (R v = 0 cm 3 cm 3 ) reached the bottom boundary after 15 min. Movement of the water front in soil profile with R v = 0.5 cm 3 cm -3 was slower (approximately 18 min). Although the difference is not significant, the cumulative infiltration to the soil with R v = 0 cm 3 cm -3 is two times higher than in the case of R v = 0.5 cm 3 cm -3 . Such behavior is caused by the decreasing effective cross-section of fine soil with increasing stoniness which leads to decreased saturated hydraulic conductivity and retention capacity of a stony soil. Initially, relatively high infiltration rates are decreasing until they reach the rate corresponding to the saturated hydraulic conductivity. Consequently, infiltration rate equals to the bottom boundary outflow rate and is controlled only by the saturated hydraulic conductivity of the soil profile. The infiltration front moves slower in the stony soil compared to the non-stony soil. Maximum cumulative outflow occurs in the soil without stones as a result of the highest bulk porosity and the highest saturated hydraulic conductivity. Cumulative outflows are indirectly proportional to the stoniness.
Infiltration and outflow during precipitation
We assume that the above described infiltration under ponding conditions does not frequently occur in steep mountain catchments. Infiltration of an extreme rainfall (Fig. 7) is presumably closer to reality. The results of two scenarios with different initial soil water content are shown in Fig. 8 . The soil water potential h = -15 000 cm (wilting point) occurs in the field rarely. It was used to demonstrate an extreme situation.
The infiltration rate corresponds approximately to rainfall rate (initial losses were neglected), because maximum rainfall rate of 5.4 cm h -1 is smaller than the lowest estimated saturated hydraulic conductivity of the stony soil K s b = 8.9 cm h -1 for R v = 0.5 cm 3 cm -3 (Table 4 ). The bottom boundary outflow of the soil profile starts sooner in the soil with higher stoniness (R v = 0.5 cm 3 cm -3 ) than in the soil without rock fragments (R v = 0 cm 3 cm -3 ) (Figs. 8  and 9 ).This is in contrary with the ponding situation (Fig. 6) . Cumulative outflows are proportional to the stoniness (Fig. 9) . There are several reasons of such behavior. Infiltration in this case is performed under unsaturated conditions (in comparison to saturated conditions that develop under ponding). Since rock fragments present in the soil limit the volume of fine soil matrix, less infiltrating water is needed to increase the water content in the matrix of the stony soil and related unsaturated hydraulic conductivity. Consequently, a faster movement of the wetting front in the stony soil is observed. The beginning of the bottom boundary outflow depends on initial SWC too; at h = -300 cm, the bottom boundary outflow started relatively quickly (from 1.68 hours for R v = 0.5 cm 3 cm -3 to 2.15 hours for R v = 0 cm 3 cm -3 from the beginning of the rain event) (Fig. 8a) . This phenomenon is in accordance with the effect of "catchment saturation" which strongly influences the runoff. Maximum outflow rates were the same for all stoniness values (5.4 cm h -1 ), because infiltration front reached the bottom of the soil profile during the simulated rainfall event (Fig. 8) .
The beginning of the bottom boundary outflow for the initial SWC corresponding to soil water potential h = -15 000 cm and R v = 0.5 cm 3 cm -3 started 3.41 hours after the rain beginning and 5 hours after the rain beginning for stoniness R v = 0 cm 3 cm -3 . Beginning of the outflow rate was delayed for R v = 0 cm 3 cm -3
case due to high retention capacity of relatively dry soil (h = -15 000 cm) (Fig. 8b) . The results of numerical simulation for a soil representing one point in the catchment are not directly transferable to catchment scale. Yet, it is worth to note that the analysis of the rainfall-runoff events in the Jalovecký creek catchment (Kostka, 2009) showed that the lag time (time between rainfall maximum and peakflow) at the catchment scale varies between 1.4 and 3.4 hours. The difference between cumulative outflow for soils of R v = 0 cm 3 cm -3 and R v = 0.5 cm 3 cm -3 is highest for minimum initial SWC (Fig. 9b) . The reason of this phenomenon is caused by relatively low retention capacity of the stony soil at R v = 0.5 cm 3 cm -3 in comparison with the non-stony soil. Moreover, Fig. 8 . Infiltration rate and bottom boundary flow rates to soil with different stoniness R v assuming an extreme precipitation event. a) initial soil water content corresponds to water potential h = -300 cm (wet soil), b) initial soil water content corresponds to water potential h = -15 000 cm (dry soil).
Fig. 9.
Cumulative infiltration and cumulative bottom boundary flow for an extreme precipitation event. a) initial soil water content corresponds to water potential h = -300 cm (wet soil), b) initial soil water content corresponds to water potential h = -15 000 cm (dry soil).
zero retention capacity of the rock fragments was assumed. In reality, the non-zero retention capacity of the rock fragments cannot change the overall response dramatically because of low retention capacity and low hydraulic conductivity of the rock fragments hampering water exchange between fine soil and rock fragments. Cumulative outflows through the bottom boundaries of the stony soil profiles following the precipitation event shown in Fig. 7 up to 8 hours from the rain beginning are presented in Fig. 10a . Cumulative outflow from the soil profile depend on both initial SWC and stoniness. Wet soils with high stoniness showed higher cumulative outflow rates. Fig. 10a shows that the bottom boundary outflow from the soil without rock fragments at the initial SWC corresponding to soil water potential h = -300 cm equals to 82% of rainfall after 8 hours from the beginning of the rain event. In the soil with stoniness of 0.5 cm 3 cm -3 the outflow represents 90% of rainfall. If the soil profile is drier at the beginning of the rainfall, the differences increase. In case of initial soil water potential h = -15 000 cm only 18% of the total rainfall flows out from the soil profile without rock fragments whereas in soil profile with stoniness of 0.5 cm 3 cm -3 it is almost 58%.
The response time, i.e. time from the onset of rainfall to the onset of outflow at the bottom of the soil profile (Fig. 10b) is inversely proportional to the initial soil water content and to the soil stoniness. Moreover, the smaller the initial soil water content, the higher the response time difference between stony soil with high stoniness (R v = 0.5 cm 3 cm -3 ) and soil without rock fragments (R v = 0 cm 3 cm -3 ). It is caused by already mentioned reduced retention capacity of stony soil and by consequently increased unsaturated hydraulic conductivity of stony soil profile. Such a behavior follows from the results shown in Fig. 10a which is described above.
DISCUSSION
Although there are many studies devoted to runoff processes on a forested hillslope e.g., Whipkey (1965) , Mosley (1979) , Tani (1997) , Tromp-van Meerveld and McDonnell (2006) , Hopp and McDonnell (2009) , Kostka (2009 ), Hrnčíř et al. (2010 , Pavelková et al. (2012) , and Dusek and Vogel (2014) , rock fragments as a part of forest soils were not directly incorporated into the modeling. Cousin et al. (2003) used a reservoir model STICS to evaluate the effect of rock fragments on water percolation to groundwater in calcareous stony soils during several seasons. They showed that cumulative percolation at base (80 or 50 cm) of the stony soil profile with inert rock fragments they used was always higher in comparison to the stony soil with rock fragments of particular retention. The lowest percolation was found in the soil without rock fragments.
Presented results of water flow modeling are obtained for hypothetical stony soil profiles, where rock fragments of diameter 10 cm (parameter a =1.1 from the Eq. 1) are assumed to be uniformly distributed. However, real stony soil profiles are not homogeneous. The non-uniform distribution of the rock fragments in the soil profile could also affect the results of the water flow modeling. Simplification of the soil profile was necessary to demonstrate the potential influence of initial soil water content and stoniness on water flow through the soil profile.
Saturated hydraulic conductivity of a stony soil in natural conditions can vary due to stoniness (e.g., Ravina and Magier, 1984) or soil heterogeneity. The water movement is influenced not only by rock fragments, but also by organic horizon properties, soil structure and texture (both fine soil and rock fragments). Network of macropores or fissures can play important role as well. In the soils with notable clay content crack creation during soil shrinking can contribute to highly heterogeneous soil porous system (Allaire et al., 2009; Beven and German, 1982; Durner, 1994; Lin, 2010) and consequently to the occurrence of preferential flow (Dusek and Vogel, 2014; Šanda and Císlerová, 2009) . Quick response of outflow to the rainfall in small mountainous catchments can be caused on the one hand by the fast preferential subsurface flow (Šanda and Císlerová, 2009; Tromp-van Meerveld and McDonnell, 2006) , which is initialized at saturated or near saturated conditions, and on the other hand by the presence of rock fragments which will speed up the response even more.
CONCLUSIONS
This study presents characteristics of stony soils from mountainous catchment in the highest part of the Carpathian Mountains. The highest stoniness (up to 65%) was found in Cambisols developed on the crystalline rocks. The lowest stoniness (up to 13%) was measured in the Rendzic soil present on Mesozoic rocks.
The highest infiltration rate as well as the highest outflow from soil profile was calculated for ponded conditions and for homogeneous, non-stony soil under saturated conditions. Under ponding infiltration, the higher the stoniness the lower the infiltration rate and the bottom boundary outflow rate, because of decreasing saturated hydraulic conductivity with stoniness.
Infiltration of rainfall at a rate lower than infiltration capacity behaves in an opposite way. The higher the stoniness and/or initial soil water content, the faster the appearance of the bottom boundary outflow. Such a behavior stems from the fact that stones and high initial soil water content decrease available retention capacity and consequently increase unsaturated hydraulic conductivity. This may be a key factor explaining fast hydrological reaction of the Jalovecký creek catchment in which the stony soils dominate. Our results indicate that stoniness should be considered in the improved assessment of hydrological reaction of catchment with prevailing stony soils. Further research could involve spatially distributed data on stoniness and focus on timing of simulated outflow from the bottom of the soil profile and catchment runoff.
